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within the liver and lungs. A total of 7 cysts, ranging from 3 to 8 cm in diameter, were randomly scattered in the hepatic lobes. Cysts had tan-yellow walls with blood vessels distributed on their surfaces. Only one 3-cm cyst protruded from the right apical lung lobe. Although all cysts were unilocular, they could be divided grossly into 4 different types. The 8-cm hepatic cyst had a 0.5-mm, thin wall and was distended by clear fluid mixed with numerous small, white pieces of hydatid sand (type 1) (Fig. 1a ). The only lung cyst was similar to the type 1 cyst but had no hydatid sand (type 2). Five of the hepatic cysts had 1-2-mm, thick, firm walls with many irregular interlacing folds protruding from the wall into the cavity; these cysts contained only a small amount of a clear gelatinous substance along the inner side of the wall with no observable hydatid sand (type 3) ( Fig. 1b ). The last hepatic cyst had a 0.5-mm, thin wall and was filled with a thick white-yellow translucent laminated gelatinous substance accompanied by clumps of a yellow chalky material on the inner side of the wall and within the gelatinous content (type 4) ( Fig. 1c ).
The hydatid sand consisted of free protoscolices ( Fig. 2a ) as well as intact and ruptured brood capsules. Evagination was evident in some free protoscolices and was characterized by 2 rows of 36-38 hooks 25-30 m in length located on the front pole of the rostellum ( Fig. 2b ). Scanning electron microscopy revealed that brood capsules were surrounded by a germinal membrane of various thickness (Fig. 3a, 3b ). Within each brood capsule, the protoscolices were attached to the germinal membrane by a rope-like stalk (Fig. 3b ). Various stages of evagination were apparent in some of the attached protoscolices, although a majority were still invaginated.
Histologically, walls of all types of cysts contained Fig. 1 . Gross morphology of hydatid cysts, liver. a, Hydatid sand consists of many small but variably sized pale white particles, each representing a free protoscolex or brood capsule. b, Type 3 cyst characterized by a thick wall and containing many irregular interlacing folds protruding from the wall into the cavity. c, Type 4 cyst characterized by a thin wall and filled with a thick white-yellow translucent, laminated, gelatinous substance. inner germinal, intermediate laminated, and outer adventitial layers. The germinal and laminated layers were made by the parasite and the adventitial layer was host derived. Differences, however, existed among these cysts, particularly in the laminated and adventitial layers. In the type 1 cyst, the adventitial layer had scattered small foci of mineralization only. The type 2 cyst had more evident mineralization along with a zonal accumulation of epithelioid cells, lymphocytes, plasma cells, and scattered multinucleated giant cells in the adventitial layer ( Fig. 4a) ; no protoscolices or brood capsules could be found. In the type 3 cyst, the laminated and germinal layers formed many irregular interlacing folds within the cyst; within the small spaces among the folds, brood capsules containing small numbers of viable and necrotic mineralized protoscolices and debris were noted (Fig. 4b) ; severe mineralization without inflammatory cell infiltration was present in the adventitial layer. The thick gelatinous content of the type 4 cyst was formed by involuted germinal and laminated layers mixed with large amounts of debris of dead mineralized protoscolices and cholesterol clefts; the type 4 cyst also had the most severely mineralized adventitial layer.
The diagnosis of hydatidosis caused by E. granulosus was made on the basis of unilocular hepatic and lung cysts, formation of multiple protoscolices in a brood capsule, typical trilayered cyst wall, and herbivorous intermediate host. 8, 11 Further subspecies or strain classification according to the number and size of protoscolex hooks was not possible 4 because the number (36-38) and length (25-30 m) of the rostellar hooks seen in our case fit in the ranges of all well-documented sheep, cattle, horse, and camel subspecies or strains, 3 and no data are available for the still-to-beaccepted lion strain. Although the liver and lungs are the 2 organs in which hydatid cysts most often develop, 1 subspecies or strain differences in organ preferences do exist. The liver is the most common site of hydatid infection, followed by the lungs in horses, 1 which is similar to our zebra case. In camels, the lungs are the predominant site of cyst formation. 3 The 4 types of cysts seen in the liver and lungs may represent different developmental stages of the hydatid cysts. The type 1 cyst resembles the classic fertile hydatid cyst because of its characteristic watery content and hydatid sand. It is speculated that, when cysts per-sist in the intermediate host for a longer period of time, the watery content becomes gelatinous due to water reabsorption, and mineralization of dead protoscolices is gradually evident, as seen in the type 3 and 4 cysts. The actual cause(s) for the injury or death of protoscolices or hydatid cysts is still uncertain. Cysts may become walled off by an exuberant cellular response leading to starvation of the parasites. 13 Moreover, any physical or immunological damage to the cyst may result in death of protoscolices following their exposure to specific and/or nonspecific host humoral factors or as a result of bacterial contamination. 13 The lack of adventitial layer formation due to the unresolved dense zone of mononuclear cells may have adverse effects on germinal cell proliferation and protoscolex production via nutritional or immunological mechanisms. 11, 13 Similar phenomena have also been seen in cysts of E. multilocularis. 5, 13 The type 2 cyst seen in the lung is considered sterile based on the lack of protoscolices. 13 Morphologically, it is similar to E. granulosus or E. multilocularis formed in unfavorable intermediate hosts. 5 Although sterile, it may still be viable and able to develop protoscolices in a favorable host, as reported for the hydatid cysts of E. multilocularis formed in pigs. 5 No correlation could be determined between the myocardial fibrosis and cervical cellulitis because of the failure of bacterial or fungal isolation and identification of any causative agent following a thorough histopathological examination with various special stains in either tissue.
Prior to the present case, no animal hydatid disease had been reported in Taiwan, although there was an unpublished case of human E. granulosus hydatidosis in a veteran who was believed to have been infected while in mainland China (Dr. P.C. Fan, personal communication). The Chapman's zebra reported herein was imported at about 2 years of age from South Africa, where there is a high prevalence of hydatidosis in zebras. 14 It is therefore believed that the infection had been established in the animal in the endemic area before importation. tissues prior to histologic examination or Western blot assays on neuronal tissue increase the sensitivity and accuracy of TSE diagnosis. 11, 12 The scrapie agent elicits no detectable immune response, rendering traditional immunodiagnostic approaches ineffective. Bioassay systems in which laboratory animals are inoculated with nervous tissue are complicated by variable sensitivity, the inherent risks to the patient associated with brain biopsies, and the incubation time between inoculation of the test animal and the recognition of clinical signs.
Novel diagnostic strategies are currently being developed that may permit accurate, early recognition of TSE. 13 The most promising of these strategies is the immunohistochemical (IHC) recognition of misfolded prion protein (PrP Sc ) in tissue biopsies. Another such diagnostic test is an immunoassay detecting altered protein composition in cerebrospinal fluid. Previous studies have demonstrated that human beings with Creutzfeldt-Jakob Disease have altered cerebrospinal fluid composition. 5, 6 Two-dimensional electrophoresis of the cerebrospinal fluid (CSF) demonstrated that these patients have dramatically increased concentra-
